A case of a duplicated inferior vena cava (IVC) along with other anatomical vessel variations in a 72-yearold male cadaver is presented. The anomalous vessels involved, besides the IVC, were the left testicular vein and artery, the left suprarenal artery and a superior accessory left renal artery. Based on the gross appearance of the preaortic anastomotic trunk between the left and right IVC as well as on the underlying embryological features, a classification is proposed: incomplete bilateral duplication of the IVC and complete bilateral duplication of the IVC. The latter can be further divided into three types: major, minor and asymmetric.
Introduction
The duplicated inferior vena cava (IVC) is a well-recognized entity and has been found quite frequently on a clinical base (Evans et al. 2001; Shaw et al. 2003; Nirupama et al. 2005) . Among the anatomic studies (Senecail et al. 1987; Khaledpour et al. 1990; Itoh et al. 2001; Sórócó et al. 2001; Xue et al. 2006 ) that fully describe this anatomic variation, there is a basic difference at the drainage point of the rudimentary left IVC to the right IVC. The way these two vessels anastomose designates the type of duplication, and this has not been discussed in detail previously.
Herein we present a case of a duplicated IVC and other vessel anomalies in the retroperitoneum region in a male cadaver. In addition to the anatomic description, a classification is proposed, and the underlying embryology is pinpointed.
Case report
The anomaly was found during a routine anatomy dissection in a cadaver of a 72-year-old man who died of respiratory complications because of metastatic prostate cancer. The two common iliac veins did not join at the level of the L4 vertebra to form the IVC, but ran bilaterally towards the abdominal aorta and ended at the level of the L1 vertebra. Specifically, the left common iliac vein formed at the level of the L5 vertebra from the junction of the left internal and external iliac veins. Then it ascended, representing the left IVC, along the left side of the abdominal aorta where at the level of the L2 vertebra it crossed over the abdominal aorta, and at the level of the L1 vertebra it connected with the right IVC. At the same level, the right renal vein drained into the right IVC. The two branches of the IVC and also the arched part of the left IVC had approximately the same caliber. Specifically, the diameters of the left and right IVC were 19.5 and 20 mm, respectively, whereas the preaortic trunk was 21 mm in diameter. At the level of the L2 vertebra, the left renal vein drained at a right angle into the left IVC. The left suprarenal vein did not drain into the left renal vein, but into the arched part of the left IVC (Fig. 1) . The left testicular vein was an incomplete duplicated vein that consisted of medial and lateral trunks. The two venous trunks left the internal inguinal ring and ran upwards where approximately at the midpoint of their course they connected to a common trunk, which opened normally into the left renal vein.
At the left side the renal artery was normal, but there was also a superior accessory renal artery that originated from the abdominal aorta, above the left renal artery. The superior accessory renal artery coursed obliquely and terminated at the renal hilum in front of the left renal vein. The left testicular artery originated from the abdominal aorta just above the renal artery and passed in front of the renal vein (Fig. 2) . The origin, the course and the territories of the other vessels were according to the normal pattern. The kidneys and the ureters were also normal.
Discussion
A general classification of the IVC anomalies comprises the transposition of the IVC with (Taniguchi et al. 2001; Honma et al. 2008) or without (Babaian and Johnson 1979) regressed right IVC, ipsilateral duplication of the IVC (Doyle et al. 1992; Tagliafico et al. 2007 ), bilateral duplication of the IVC and extremely rare variations, such as the marsupial vena cava (Natsis et al. 2003) . The duplication of the IVC is the most common of all the anomalies of the IVC with a rate of incidence of 0.2-3% (Bass et al. 2000) .
In our case we observed that the left IVC did not drain into the left renal vein, but after receiving the left renal vein it continued with a major preaortic trunk that traveled obliquely and emptied into the right IVC. We reviewed only anatomic case reports and compared them with our case in order to designate the gross appearance of the preaortic trunk. In contrast to the typical case of infrarenal duplication (Khaledpour et al. 1990) where the left IVC is quite smaller than the right IVC and empties into the left renal vein, there were several cases that involved the preaortic trunk. Therefore, we defined our case as complete bilateral duplication of the IVC because it comprised both the renal and the infrarenal segment of the IVC. We further classified the complete bilateral duplication according to the review of the literature (Waterston 1913; Rischbieth 1914; Senecail et al. 1987; Lewis 1992; Wagner and Bogush 1993; Itoh et al. 2001; Sórócó et al. 2001; Tohno et al. 2006; Xue et al. 2006 ) into three types (Fig. 3) . Type I or major duplication, as in our case, comprises two bilaterally symmetrical and approximately of the same caliber trunks and a preaortic trunk of the same calider. In this type, the left and the right IVCs are just near the lateral border of the aorta (Senecail et al. 1987; Wagner and Bogush 1993) . Type II or minor type comprises two bilaterally symmetrical and approximately of the same caliber trunks, but is smaller in comparison to the preaortic trunk. In this type the prominent venous trunk is the preaortic trunk (Waterston 1913; Rischbieth 1914; Tohno et al. 2006; Xue et al. 2006) . Type III or asymmetric type comprises small left IVC, larger right IVC and even larger preaortic trunk or small left IVC, larger preaortic trunk and even larger right IVC. In this type the prominent vessel is either the right IVC or the preaortic trunk (Senecail et al. 1987; Lewis 1992; Itoh et al. 2001; Sórócó et al. 2001 ). In the two latter types, the left and right IVCs may have enough distance from the lateral border of the aorta. It is therefore obvious that IVC duplication should be defined not only with regard to the size of the right and left IVC, but basically it should be based on the presence of the preaortic trunk.
As far as the embryology of the IVC is concerned, there are two prominent theories about the IVC formation. The first theory is the most common, and Nomina Embryologica (1983) is based upon this theory (Cornillie and Simoens 2005) . According to this theory, there are three paired embryonic veins with several anastomoses among them that regress and form the IVC. Namely, the posterior cardinal veins, the subcardinal veins and the supracardinal veins. Caval development begins in the 6th week of fetal life and progresses rapidly, with formation of all three precursor venous systems by the 8th week (Mathews et al. 1999) .
The renal segment of the IVC develops from the right suprasubcardinal and postsubcardinal anastomoses, and the infrarenal segment develops from the right supracardinal vein. Persistence of both supracardinal veins results in duplication of the IVC (Bass et al. 2000) , although failure to form an adequate anastomosis between the embryonic veins has also been suggested as a potent explanation (Shaw et al. 2003) .
Based on the gross appearance of the three types we described, it seems that although failure of regression of the left IVC can result in the incomplete duplication of the IVC, in our case the etiologic factor is probably more complex. We assume that the complete bilateral duplication results from persistence of the left suprasubcardinal and postsubcardinal anastomoses and probably of the intersubcardinal anastomosis, which in turn results in persistence of the left supracardinal vein. Especially in types I and II, the left IVC shows no signs of regression at an early embryological stage in contrast to the incomplete bilateral duplication where the small size of the left IVC and the normal left renal vein could be attributed to inadequate obstruction of the vessel, which results in persistence of the aberrant vessel.
The basic difference in the second theory, the sacrocardinal theory, is that the basic role of the supracardinal veins is constricted to the formation of the azygos and hemiazygos veins, whereas the formation of the IVC is attributed to a new pair of veins that are the last to appear, and they are called sacrocardinal veins (Cornillie and Simoens 2005) . Both theories have similarities and Fig. 3 Schematic drawings of the three types of IVC duplication differences, and we intend neither to verify nor to reject any of them. Since the development of the IVC still remains somehow unclear, more emphasis should be placed on the anastomoses that develop among the embryonic veins.
In our case the left and right renal veins were according to the normal pattern. Multiple renal veins are common on the right side (up to 15%), and anomalies of the left side comprise the retroaortic left renal vein and the circumaortic left renal vein with an incidence of 1.2-3.3 and 1.5-8.7%, respectively (Kudo et al. 2003) . The circumaortic left renal collar can be divided into three different morphological types (Natsis et al. 2008) , and this indicates the complexity of the underlying embryological development, but also the role the anastomoses play on the different morphological patterns. Multiple renal veins are more frequent on the right side presumably due to the fact that the postsubcardinal anastomosis does not regress, but participates in the formation of the renal segment of the IVC. As a consequence the dorsal renal vein may persist, as well. On the contrary, the postsubcardinal anastomosis regresses on the left side and facilitates the regression of the left dorsal renal vein.
Anatomical variations of the testicular veins have been reported in the literature (Tubbs et al. 2005; Xue et al. 2005; Yang et al. 2008) . Asala et al. (2001) documented in their study that the anatomical pattern of the testicular veins deviated from the normal one in 21.3% of specimens. These anatomical variations were mainly duplications, and they were more common on the left side. Furthermore, the incomplete duplicated testicular vein was found only on the left side. In our case the left testicular vein emptied into the left renal vein according to the normal pattern despite the persistence of the left supracardinal vein. We speculate that the incomplete duplicity is probably due to persistence of a posterior postsubcardinal anastomosis.
Normally, the left suprarenal vein enters the left renal vein. In their study Monkhouse and Khalique (1986) report that the left suprarenal vein entered the left renal vein medial to the entry of the left gonadal vein in all the 57 specimens, except from one case where the left suprarenal vein emptied into the left of the aorta. The left suprarenal vein in our case did not drain into the left renal vein, but it drained into the preaortic trunk. The left suprarenal vein develops from the embryonic cranial subcardinal vein, which empties into the intersubcardinal anastomosis (McClure and Butler 1925) . Since the preaortic trunk is a combined trunk and comprises the intersubcardinal anastomosis, the drainage point of the left suprarenal vein is rather to be expected.
Anatomical variations of the renal arteries are quite common. Satyapal et al. (2001) report in their study that the incidence of a single additional renal artery is 23.2% and that it is more common on the left side (27.6%) and in males (33.1%). Nevertheless, renal artery variations show ethnic and racial differences, so the incidence may vary among different populations (Ö zkan et al. 2006) . Renal arteries are derived from the embryonic mesonephric arteries. Regression of these arteries results in persistence of a single mesonephric artery and formation of a single renal artery. Dysplasia of the mesonephric arteries results in multiple renal arteries (Ö zkan et al. 2006) .
Anatomical variations with regard to the number, course and origin of the testicular arteries have been reported in the literature (Notkovich 1956; Ç içekcibaşi et al. 2002; Naito et al. 2006 ). Notkovich (1956 classified the gonadal artery variations in three types based on their origin and course in relation to the renal pedicle. Our case was classified as type II according to Notkovich's (1956) classification, who also reported that type II was found in 13.1% of cases on the left side. The gonadal arteries arise from the caudal lateral mesonephric arteries, but the high positioned arteries seem to originate from the cranial group of the lateral mesonephric arteries (Ç içekcibaşi et al. 2002) .
There are several classifications of the IVC anatomical variations. Mathews et al. (1999) classify the anomalies of the IVC according to the anomalies of the corresponding embryonic veins, but in the anomalies of the renal segment, the complete bilateral duplication is not included. Ueda et al. (1983) in an attempt to determine the incidence of the IVC anomalies observed by CT divided the double IVC anomalies only with regard to the size of the left and right IVCs. Morita et al. (2007) classified pelvic venous variations in cases of congenital venous anomalies and in cases of double IVC estimated only the diameter of the left and right IVCs. Only the measurement of the size of the left and right IVCs is not enough to determine the type of duplication.
Although there are various classifications about the duplicated vena cava, no one differentiates the complete from the incomplete duplication. Especially, classifications with regard to accompanied vessel anomalies should distinguish at least the complete from the incomplete bilateral duplication of the IVC. Embryogenesis is not a random procedure, and since the embryonic veins develop symmetrically, each type of duplication may be associated with specific venous anomalies.
The duplicated vena cava along with other vessel anomalies in the retroperitoneum can lead both to misdiagnosis and to surgical complications. Surgeons, radiologists, oncologists and urologists who have to cope with the retroperitoneum region should not only have a thorough knowledge of the normal anatomy of this region, but also they should be familiarized with the potent anatomical variations and with the exact type of each variation as well.
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